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.2013.01Abstract Chitosan is produced from shrimp waste chitin at three particle sizes 20, 40 and 60 mesh
by deacetylating with different concentrations of NaOH solution (30%, 40% and 50%) under
microwave irradiation for 10 min. The process describes a rapid synthesis procedure in comparison
to conventional methods. The microwave-synthesized chitosan was characterized and the experi-
mental results showed that the degree of deacetylation increased with increasing concentration of
deacetylation alkali solution. A degree of deacetylation of 95.19% was achieved after irradiating
chitin at 60 mesh with 50% NaOH solution in a microwave for 10 min at 1400-W power. Micro-
wave-synthesized chitosan exhibited antioxidant activities of 47.71–72.31% at 10 mg/ml and
showed reducing powers of 2.094–2.367 at 10 mg/ml. On the other hand, at 10 mg/ml, the
scavenging ability of chitosan on 1,1-diphenyl-2-picrylhydrazyl radicals ranged from 43.03% to
90.48%. The antibacterial activities of microwave-synthesized chitosan were examined against
two gram-negative ( Escherichia coli and Salmonella typhimurium) and two gram-positive
(Staphylococcus aureus and Bacillus cereus), tested chitosan markedly inhibited the growth of tested
bacteria although inhibitory effects differed with molecular weight (Mw) of chitosan and the species
of bacteria. Generally, the microwave technique can be very useful for synthesizing good functional
properties chitosan with rapid and clean chemistry.
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.006Introduction
Chitin is the second most abundant organic compound in nat-
ure after cellulose, is widely distributed in marine inverte-
brates, insects, fungi, and yeast. Chitosan is a ﬁber-like
substance derived from chitin, a homopolymer of b-(1ﬁ4)-
linked-acetyl-D-glucosamine (Muzzarelli, 1997). Several meth-
ods have been reported for preparation of chitosan from
chitin. The major procedure for obtaining chitosan is basedon and hosting by Elsevier B.V. Open access under CC BY-NC-ND license.
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solution at high temperature (Castelli et al., 1996), other
procedures included alkali treatment at high temperature and
high pressure (autoclave) (Abdou et al., 2008), and enzymatic
N-deacetylation (Martinou et al., 1995). In recent years micro-
wave chemistry has received much attention as it can speed up
the reaction rate by orders of magnitude over conventional
heating. Microwave heating, as an alternative to conventional
heating techniques, has been proved to be more rapid and efﬁ-
cient for several chemical reactions e.g., N-phthaloylation of
chitosan (Liu et al., 2004). The process of deacetylation in-
volves the removal of acetyl groups from the molecular chain
of chitin, leaving behind a complete amino group (–NH2),
chitosan versatility depends mainly on this high degree chem-
ical reactive amino groups (Muzzarelli, 1997). This makes the
degree of deacetylation an important property in chitosan pro-
duction as it affects the physicochemical properties, hence
determines its appropriate applications (Rout, 2001). Another
important characteristic to consider for this polymer is the
molecular weight; chitosan is a biopolymer of high molecular
weight. Like its composition, the molecular weight of chitosan
varies with the raw material sources and the method of prepa-
ration (Li et al., 1992). Chitosan has been of interest in the
food industry since, besides its antimicrobial effect, it possesses
other functional properties including intestinal lipid binding
and serum cholesterol lowering effects (Razdan and
Pettersson, 1994), water binding (Knorr, 1982), emulsifying,
thickening and stabilizing agent in food industry (Shahidi
et al., 1999), antioxidative and preservative effects in muscle
foods (Darmadji and Izumimoto, 1994), and emulsifying
capacity (Lee et al., 1996). Chitosan is Generally Recognized
As Safe (GRAS) by the US FDA (2001). The aim of this study
was to extract chitosan from shrimp wastes using microwave
technique at different concentrations of sodium hydroxide
solution, and investigate the physicochemical, functional,
antioxidant and antibacterial characteristics of extracted
chitosan.Materials and methods
Materials
Shrimp waste (heads and scales) were collected from El-Obour
market. Kalubia governorate, Egypt. The waste was packed in
plastic bags and stored at 20 C until using.
The bacterial strains including Escherichia coli ATCC
25922, Salmonella typhimurium ATCC 14028, Bacillus cereus
DSMZ 345 and Staphylococcus aureus ATCC 6528 were
obtained from the Egyptian Microbial culture collection
(EMCC) at the Microbial Resource Center (Cairo,
MIRCEN), Faculty of Agriculture, Ain Shams University,
Egypt.
Commercial chitosan (300 kDa), from crab shells and
butelated hydroxyl toluene (BHT) purchased from Sigma
chemical company were used in this study.%Solubility ¼ ðInitial weight of tubeþ chitosanÞ  ðFinal weight oðInitial weight of tubeþ chitosanÞ  ðInitiaMethods
Technological treatments
Preparation of shrimp wastes for extraction. Shrimp wastes
were washed, dried at 50 C overnight, grinded, sieved to
obtain coarse powder at three particle sizes 20, 40, and 60
mesh and stored in dry place at room temperature until
extraction.
Production of chitin from shrimp wastes
The different extraction steps of chitin were done according to
Synowiecki and Al-Khateeb (1997). Shrimp wastes with three
particle sizes of 20, 40, and 60 mesh were demineralized with
2% (v/v) HCl solution (10:1 v/w, 30 C, 12 h) to remove min-
erals, insoluble fraction was separated by centrifugation
(4000 rpm, 15 min.), then it washed twice with distilled water.
Deproteinization of washed insoluble fraction was done by
using 4% (w/v) sodium hydroxide solution (10:1 v/w, 90 C,
12 h) and centrifuged (4000 rpm, 15 min) for separation of al-
kali-insoluble fraction (AIF), it washed twice with distilled
water then dried at 40 C overnight. The obtained product
after drying was designated as puriﬁed shrimp waste chitin at
aforementioned three particle sizes (C20, C40, and C60).
Production of chitosan by microwave technique
The different production steps of chitosan were done accord-
ing to Sahu et al. (2009). Ten grams of extracted chitin with
three particle sizes of C20, C40, and C60 were transferred to
ceramic mortar and 100 ml of NaOH solution at three concen-
trations of 30%, 40% and 50% (w/v) was added and mixed.
The ceramic mortar was placed on the center of the turntable
of the microwave oven (Sumsung microwave oven Model,
MX145, 1400 W, Made in Korea) and irradiated for 10 min
at 1400 W. The mixtures were ﬁltered and the residues were
washed with distilled water until neutralization, then dried in
a hot air oven at 40 C until constant dry weight and stored
until further analysis.
Proximate analysis
Moisture, ash, lipid and protein contents of shrimp waste,
crude chitin and chitosan samples were determined according
to (AOAC, 2007).
Physicochemical and functional properties
Degree of deacetylation. The degree of deacetylation of ex-
tracted chitosan at three particular sizes was determined
according to the method of Qin et al. (2004).
Molecular weight. Molecular weight of extracted chitosan at
three particular sizes was determined according to the method
of Fernandez-Kim (2004).
Solubility. Solubility of extracted chitosan was determined
according to the method of Fernandez-Kim (2004). The solu-
bility was calculated according to the following equation:f tubeþ chitosanÞ  100
l weight of tubeÞ
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Water binding capacity (WBC) and oil binding capacity (OBC)
of extracted chitosan samples were measured using a modiﬁed
method of Wang and Kinsella (1976). WBC and OBC were
calculated as follows:
WBC ð%Þ ¼ water bound ðgÞ=initial sample weight ðgÞ
OBC ð%Þ ¼ fat bound ðgÞ=initial sample weight ðgÞEmulsifying properties
Emulsifying capacity of extracted chitosan samples was deter-
mined according to Sciarini et al. (2009). The emulsifying
capacity (EC) was calculated as follows:
EC ¼ ðev=tvÞ100
where ev is the emulsion volume and tv is the total volume.
The emulsion stability (Es) of different chitosan emulsions
at 0.5% concentration against high temperatures was deter-
mined according to Sciarini et al. (2009). The Es was calculated
as follows:
Es ¼ ðfev=ievÞ100
where fev is the ﬁnal emulsion volume and iev is the initial emul-
sion volume.
Antioxidant properties of chitosan
Scavenging ability. The scavenging ability of shrimp wastes
chitosan at different concentrations (0.5, 1, 2, 4, 6, 8 and
10 mg/ml) on 1,1-diphenyl-2-picrylhydrazyl (DPPH) radicals
were determined according to Shimada et al. (1992). BHA and
commercial chitosan at the same concentrations were used for
comparison. The scavenging ability was calculated as follows:
Scavenging ability ð%Þ ¼ ½ðA517of controlA517of sampleÞ=
A517of control  100Antioxidant activity
The antioxidant activity of shrimp wastes chitosan at different
concentrations (0.5, 1, 2, 4, 6, 8 and 10 mg/ml) was determined
by the conjugated diene method according to Lingnert et al.
(1979). BHA and commercial chitosan at the same concentra-
tions were used as a comparison against the produced chito-
san. The antioxidant activity was calculated as follows:
Antioxidant activity ð%Þ ¼ ½ðA234of controlA234of sampleÞ=
A234of control  100Table 1 Yields of chitin extracted from shrimp wastes at
different particle sizes.
Shrimp waste Chitin yield (%)a
20 mesh 36.43A ± 0.40
40 mesh 34.45AB ± 0.51
60 mesh 33.77B ± 0.17
Data are the mean ± SD, n= 3.
Means with different letters in each column are signiﬁcantly dif-
ferent (p 6 0.05).
a On dry weight basis.Reducing power
The reducing power was determined according to the method
of Oyaizu (1986). BHA and commercial chitosan were used for
comparison.
Antibacterial properties of chitosan
Screening of the antibacterial activity
Six concentrations of extracted various chitosan samples
(0.05%, 0.1%, 0.2%, 0.4%, 0.6%, 0.8% and 1%) prepared
in 1% acetic acid were prepared and sterilized at 121 C/
20 min. Paper disc diffusion method was used as screeningmethod to determine the antimicrobial activity of chitosan
types against bacterial strains according to (Li et al., 2010).
Determination of the minimal inhibitory concentrations (MICs)
The antimicrobial activity of natural antimicrobial agents
against both gram-positive and gram-negative bacteria strains
were examined by detecting of the minimum inhibitory
concentrations (MICs), which deﬁned as ‘‘the lowest concen-
tration required for complete inhibition of test organism after
incubation time in broth media and resulting in large inhibi-
tion zones of visible growth’’ (Li et al., 2010).
Statistical analysis
The experimental data were subjected to an analysis of vari-
ance for a completely random design using a Statistical Anal-
ysis System (SAS Institute, Inc., 2000). Duncan’s multiple
range tests were used to determine the difference among means
at the level of 0.05.
Results and discussion
Yield of chitin and chitosan
The yields of chitin extracted from shrimp wastes at different
particle sizes increased signiﬁcantly (p 6 0.05) with increasing
the particle size of shrimp wastes, the highest yield was ob-
tained by using shrimp waste at particle size of 20 mesh
(36.43% on dry weight of shrimp waste) as shown in Table
1. This result indicates that shrimp waste is an excellent source
for chitin, which was higher than that obtained from crab shell
or crayﬁsh which yielded 10% and 32% on dry weight basis,
respectively (Tolimate et al., 2000).
Yields of chitosan obtained by deacetylation of extracted
chitin at different particle sizes using different concentrations
of NaOH solutions (30%, 40% and 50%) and using micro-
wave technique are shown in Table 2. It could be noticed that,
the yields of chitosan increased signiﬁcantly (p 6 0.05) with
decreasing of chitin particle size at each concentration of
NaOH solution used in deacetylation, it was 72.09%,
85.72% and 88.15% for chitosan at 20, 40 and 60 mesh ex-
tracted by 30% NaOH (C20/30), respectively.
The same trend was observed for different chitosan sam-
ples. On the other hand, yields of chitosan increased signiﬁ-
cantly (p 6 0.05) by increasing the concentration of NaOH
solution used in deacetylation, the signiﬁcantly (p 6 0.05)
highest yield was obtained from chitin samples at particle size
60 mesh deacetylated by 50% NaOH solution using micro-
Table 2 Yields (%) of chitosan samples at different particle
sizes extracted from shrimp wastes chitin using microwave
technique.
Chitin treatment Yield (%)b
PSa NaOH conc. (%)
20 mesh 30 72.09H ± 1.01
40 75.32G ± 0.55
50 85.39D ± 0.62
40 mesh 30 85.72D ± 1.49
40 78.83F ± 0.29
50 83.84E ± 0.76
60 mesh 30 88.15B ± 0.31
40 82.85E ± 1.62
50 90.12A ± 0.55
Data are the mean ± SD, n= 3.
Mean values in the same column bearing the same superscript do
not differ signiﬁcantly (p 6 0.05).
a PS: Particle size of chitosan.
b On dry weight basis.
Table 3 Mean values of moisture, ash and protein of fresh
shrimp wastes and extracted chitin at different particle sizes.
Samples Parameters (%)
Moisture Asha Proteina
Shrimp waste 45.65 ± 42.78 32.46 ± 2.08 32.77 ± 4.58
Chitin 20 4.73a ± 0.22 1.24b ± 0.51 2.11b ± 0.10
Chitin 40 7.93b ± 0.15 1.38a ± 0.13 3.56a ± 0.06
Chitin 60 6.29ab ± 0.09 1.27b ± 0.54 3.38a ± 0.07
Data are the mean ± SD, n= 3.
Means with different letters in each column are signiﬁcantly dif-
ferent (p 6 0.05).
a On dry weight basis.
36 M. Mahdy Samar et al.wave for 10 min, which yielded 90.12% (on dry weight of chi-
tin). The chitin content on dry basis of crab processing waste
(13–26%) is lower than in the case of shrimp (14–42%) as re-
ported by Naczk et al. (1981).Table 4 Mean values of moisture, ash and protein of chitosan sam
Chitin treatment Parameters (
PSa NaOH conc. (%) Moisture
20 mesh 30 13.12A ± 0
40 12.70AB ± 0
50 11.87BC ± 0
40 mesh 30 11.40C ± 0
40 6.90F ± 0
50 5.69G ± 0
60 mesh 30 9.43D ± 0
40 7.00EF ± 0
50 2.60H ± 0
Data are the mean ± SD, n= 3.
Mean values in the same column bearing the same superscript do not di
a PS: Particle size of chitosan.
b On dry weight basis.The chemical composition of fresh shrimp wastes and ex-
tracted chitin are shown in Table 3. It could be reported that,
shrimp wastes had the values of moisture, ash and protein con-
tent being 45.65%, 32.46% and 32.77%; respectively. About
the chemical compositions of extracted chitin, it could be no-
ticed the effect of extraction method (demineralization and
deprotenization) in decreasing the ash and protein contents
of extracted chitin as its values ranged from 1.24% to 1.38%
and 2.11% to 3.56% in comparison to 32.46% and 32.77%
for shrimp waste.
Results in Table 4 demonstrated the chemical composition
of extracted chitosan. There was signiﬁcant (p 6 0.05) differ-
ences in the moisture content of all chitosans prepared from
chitin, the moisture content of chitosans was affected by parti-
cle size, the highest moisture content was observed for chito-
sans at the bigger particle size of 20 mesh (11.87–13.12%),
followed by chitosans at particle size of 40 mesh (5.69–
11.40%), and the lowest content was observed for chitosans
at particle size of 60 mesh (2.60–9.43%). These results may
be due to the effect of particle size of chitosan whereas the lar-
ger particle size may lead to more ability to maintain moisture
(Bough et al., 1978), while the littler size, the increasingly of
surface and the more getting rid of water during drying.
From the same table the ash and protein content of ex-
tracted chitosan were correlation with the particle size and
concentration of NaOH used in deacetylation step. As the par-
ticle size was minimized the most the content of ash and pro-
tein. Crustacean exoskeletons contain large amounts of
calcium carbonate, depending on the source (Abdou et al.,
2008). From the same table, it could be noticed that, all sam-
ples had low ash and protein content, ranging from 0.27% to
0.71% and from 1.95% to 4.93%, respectively indicating the
effectiveness of the demineralization and deproteinization
steps in removing minerals and proteins. A high quality grade
of chitosan should have less than 1% of ash content (No and
Meyers, 1995).
According to the results of physicochemical characteristics
of extracted chitosan listed in Table 5 it could be noticed that,
the degrees of deacetylation (DDA) increased signiﬁcantly
(P 6 0.05) with decreasing of chitin particle size at each con-
centration of NaOH solution used in deacetylation, whereas
it was 67.58%, 76.89% and 88.39% for C20/30, C40/30 andples extracted from shrimp wastes using microwave technique.
%)
Ashb Proteinb
.22 0.30DE ± 0.36 1.95GH ± 0.22
.20 0.27E ± 0.06 2.16FGH ± 0.21
.95 0.31D ± 0.60 2.83EF ± 0.18
.95 0.59B ± 0.15 2.53EFGH ± 0.36
.40 0.32D ± 0.17 2.62EFGH ± 0.22
.78 0.58B ± 0.10 3.80BC ± 0.28
.85 0.71A ± 0.53 4.44AB ± 0.36
.20 0.49C ± 0.07 4.93A ± 0.56
.98 0.47C ± 0.76 3.01DE ± 0.64
ffer signiﬁcantly (P 6 0.05).
Table 5 Degree of deacetylation (DDA), molecular weight (Mw) and solubility of chitosan samples extracted from shrimp wastes
using microwave technique.
Chitin treatment DDA% Mw (k Daltons) Solubility (%)
PSa NaOH conc. (%)
20 mesh 30 67.58F ± 0.92 2415.09 66.31H ± 0.35
40 75.77E ± 3.54 1476.21 74.94G ± 0.79
50 78.83D ± 1.05 1267.11 96.77BC ± 0.17
40 mesh 30 76.89DE ± 0.89 866.03 99.05A ± 0.05
40 78.64D ± 0.86 1107.50 92.79D ± 0.01
50 83.05C ± 0.29 2160.88 95.60C ± 0.87
60 mesh 30 88.39B ± 0.49 949.95 83.28F ± 0.87
40 89.17B ± 0.28 1274.85 85.57E ± 1.37
50 95.19A ± 0.74 4467.05 97.73AB ± 0.95
Commercial chitosan 85.00C ± 0.66 300 99.00A ± 0.72
Data are the mean ± SD, n= 3.
Mean values in the same column bearing the same superscript do not differ signiﬁcantly (P 6 0.05).
a PS: Particle size of chitosan.
Table 6 Water binding capacity (WBC) and oil binding
capacity (OBC) of chitosan samples extracted from shrimp
wastes using microwave technique.
Chitin treatment WBCb OBCc
PSa NaOH conc. (%)
20 mesh 30 11.58CD 9.61B
40 12.10C 13.43A
50 14.42B 7.11C
40 mesh 30 13.22BC 13.54A
40 6.24F 5.98C
50 10.06DE 6.63C
60 mesh 30 9.26E 5.36C
40 17.76A 14.45A
50 16.78A 13.48A
Commercial chitosan 3.12G 1.56D
Data are the mean ± SD, n= 3.
Mean values in the same column bearing the same superscript do
not differ signiﬁcantly (P 6 0.05).
a PS: Particle size of chitosan.
b WBC: water binding capacity (g water/g chitosan).
c OBC: oil binding capacity (g oil/g chitosan).
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other chitosan samples with different particle size and by using
different concentrations of NaOH in deacetylation step, reach-
ing its maximum values of 78.83%, 83.05% and 95.19% for
C20/50, C40/50 and C60/50, respectively. The deacetylation degree
and molecular weight are important parameters for chitosan,
as they affect its functional properties (Rout, 2001).
The DDA of chitosan is important for its application in the
industry. From this regard, certain researchers (Li et al., 1992)
suggested that the term chitosan should be used when the
DDA is above 70%. Particle size of chitosan has sparked con-
troversial reports in its effect on its quality and applications in
food technology. Bough et al. (1978), reported that small par-
ticle size is better than large particle size, thereby; smaller par-ticle size (1 mm) results in a chitosan product of both higher
DDA and molecular weight (MW) than that of longer particle
size (2–6.4 mm); also the larger particle sizes require longer
swelling time resulting in a slower deacetylation rate. From
the same table, it could be noticed that, the DDA of chitosan
increased signiﬁcantly (p 6 0.05) by increasing of concentra-
tion of NaOH solution used in deacetylation step, the highest
(p 6 0.05) DDA was obtained from chitin samples at particle
size of 60 mesh deacetylated by 50% NaOH solution, it was
95.19% compared with 85% for commercial chitosan.
The MW of extracted chitosan ranged from 949.95 to
4467.05 k. Daltons (Table 5). This range is considered suitable
for several commercial applications. It is very important to
remember that, there are several factors during commercial
production, including high temperature, concentration of alka-
li, reaction time, previous treatment of the chitin, and particle
size may inﬂuence the MW of chitosans (No et al., 2000).
The percentage of solubility for all produced chitosans were
affected signiﬁcantly (p 6 0.05) by both of particle size of
chitosans and concentration of NaOH solution used in deacet-
ylation step as shown in Table 5. All extracted chitosans dem-
onstrated an excellent solubility ranged from 83.28% to
99.05%, except chitosans C20/30 and C20/40 as their solubility
was 66.31% and 74.94%, respectively. This result may be
due to a reaction time of 10 min with low concentration of
NaOH (30 and 40%) not be enough for large chitin particles
(20 mesh) to be sufﬁciently swollen (Bough et al., 1978). On
the other hand, a decrease of the NaOH concentration to
40% required increased time of >30 min to obtain a soluble
chitosan (No et al., 2000). The signiﬁcantly (p 6 0.05) highest
value of solubility was reported for C40/30, which recorded
99.05% similarly to commercial chitosan (99%); this implies
that the deproteinization process on our samples might have
been nearly complete.
Water binding capacity (WBC) and fat binding capacity
(FBC) of extracted chitosans were determined and the results
are shown in Table 6. WBC signiﬁcantly (p 6 0.05) differed
depending on particle size of chitosans and different concen-
trations of NaOH solution used in deacetylation step. WBC
Table 7 Emulsiﬁcation capacity (EC) and Emulsiﬁcation
stability (ES) of chitosan samples extracted from shrimp wastes
using microwave technique.
Chitin treatment EC ES
PSa NaOH conc. (%)
20 mesh 30 42.6G 37.5F
40 77.6CD 42.5E
50 95.5B 75.7A
40 mesh 30 62.0E 62.5B
40 100A 50.0D
50 100A 44.0E
60 mesh 30 76.3D 52.5D
40 48.5F 56.7C
50 100A 37.9F
Lecithin 80.0C 75.0A
Data are the mean ± SD, n= 3.
Mean values in the same column bearing the same superscript do
not differ signiﬁcantly (P 6 0.05).
a PS: Particle size of chitosan.
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with 3.12% for commercial chitosan. The range of WBC found
in our study was somewhat higher than that reported by Cho
et al. (1998) and No et al. (2000), also FBC signiﬁcantly
(p 6 0.05) differed considerably with chitosan particle sizes
and concentration of NaOH solution used in deacetylation
step, where it was ranged from 5.36% to 14.45% compared
with 1.56% for commercial chitosan. Overall, FBC values ob-
served by Cho et al. (1998) and No et al. (2000) were lowest in
comparison to our results being 3.14–5.35% and 2.17–4.03%,
respectively.
Emulsiﬁcation capacity (EC) and emulsiﬁcation stability
(ES) of different extracted chitosan samples as compared to
lecithin are tabulated in Table 7. It could be noticed that, all
extracted chitosan samples had fully emulsifying capacity; this
functional signiﬁcantly (p 6 0.05) affected by both of particle
size and concentration of NaOH used in extraction method.Table 8 Free radical scavenging activity of chitosan samples ext
diphenyl-2-picrylhydrazyl radicals.
Chitin treatment Concentrations (mg/ml)
PSa NaOH conc. (%) 0. 5 1 2
20 mesh 30 17.85Gf 20.05Fe 28
40 15.16He 16.14Ge 19
50 18.58Gg 20.54Ff 22
40 mesh 30 24.45Df 29.58De 31
40 20.29Fe 21.27Fe 21
50 22.98Ee 25.18Ed 26
60 mesh 30 21.03Fe 21.03Fe 23
40 24.94Df 26.65Eef 27
50 32.03Ce 32.76Ce 33
BHT 74.63Ag 81.10Af 84
Commercial chitosan 44.67Bf 56.87Be 64
Data are the mean ± SD, n= 3.
Mean values in the same column bearing the same superscript do not di
* PS: Particle size of chitosan.From the same table it could be seen that, lecithin had EC
value of 80.0%, where extracted chitosan samples had EC
values signiﬁcantly differed between them and lecithin ranging
between 42.6 and 100.0.
Extracted chitosan samples C40/40, C40/50 and C60/50 had sig-
niﬁcantly higher EC value (100) in comparison to other ex-
tracted chitosan samples and lecithin, the nearest value of
the aforementioned EC was observed by C20/50 (95.5%). The
lowest value of EC was observed by C20/30 (42.6%), and then
48.5%, 62.0%, 76.3% and 77.6% for C60/40, C40/30, C60/30 and
C20/40, respectively.
The highest value of EC observed by C40/40, C40/50 and C60/50,
this may be due to, that chitosan samples had surface activity
at the oil–water interface and their ability to facilitate the
formation and stabilization of ﬁnal droplets during and after
emulsiﬁcation as described by Dickinson (2009). At the same
time this highest value of EC may be also due to the high con-
centration of NaOH used in the deacetylation step which in-
crease the NH2 groups released during deacetylation step
which had an important role in emulsiﬁcation. Data indicate
that, C60/50 with EC value of 100 had an excellent functional
value of DDA, WBC, FBC and solubility as previously de-
scribed. These results are agreed well with Wydro et al.
(2007). About the ES values of different extracted chitosan,
the data presented in Table 7 revealed that, the highest value
of ES was observed for lecithin and C20/50 with no signiﬁcant
differences (P 6 0.05) being 75.0% and 75.7%, respectively
which reﬂects that, C20/50 had ability to impart strength to
emulsion for resistance to stress. Other extracted chitosan sam-
ples had ES differed signiﬁcantly (p 6 0.05) as observed in the
same table. The differential in ES values of extracted chitosan
samples could be due to the differential values of degree of
deacetylation as aforementioned reported these results was
agree with Mun et al. (2006).
The scavenging abilities of different extracted chitosan sam-
ples on 1,1-diphenyl-2-picrylhydrazyl DPPH radicals were in-
creased with their concentration increased as shown in Table
8. The scavenging abilities of chitosan at particle size 20 and
60 mesh increased with increasing concentration of NaOH
solution used in N-deacetylation, as the values were in theracted from shrimp wastes using microwave technique on 1,1-
4 6 8 10
.85Ed 29.83Dcd 31.05Gc 41.81Hb 52.81Ga
.32Id 20.54Gd 31.30Gc 60.15Eb 65.60Fa
.49GHe 24.45Fd 30.56Gc 67.73Db 74.08Da
.05De 35.70Cd 38.63Ec 48.41Gb 80.69Ca
.27He 23.96Fd 26.16Hc 33.74Jb 46.46Ha
.16Fcd 27.38Ec 35.21Fb 36.43Ib 43.03Ia
.72Gd 26.65Ec 26.90Hc 36.68Ib 53.79Ga
.87Ede 29.10Dd 44.25Dc 54.52Fb 70.42Ea
.50Ce 36.43Cd 66.02Cc 76.53Cb 90.48Ba
.36Ae 88.03Ad 92.95Ac 94.97Ab 95.92Aa
.24Bd 77.84Bc 88.73Bb 90.61Ba 91.24Ba
ffer signiﬁcantly (P 6 0.05).
Table 10 Reducing power of chitosan samples extracted from shrimp wastes using microwave technique.
Chitin treatment Concentrations (mg/ml)
PSa NaOH conc. (%) 0. 5 1 2 4 6 8 10
20 mesh 30 1.60Fg 1.87Ef 2.01Ee 2.23Bd 2.26Bc 2.32Ab 2.35ABa
40 2.28Ad 2.28Ad 2.31Ac 2.32Abc 2.35Abc 2.33Ab 2.34ABa
50 1.94Ce 2.02Cd 2.20Cc 2.22Bb 2.22Cb 2.22Cb 2.25CDa
40 mesh 30 1.91Cg 2.10Bf 2.19Ce 2.30Ad 2.31Ac 2.32Ab 2.33ABa
40 1.85De 2.04Cd 2.17Dc 2.22Bb 2.31Aa 2.31Aa 2.31BCa
50 1.91Bf 1.98De 2.23Bd 2.33Ac 2.33Abc 2.34Ab 2.36ABa
60 mesh 30 0.95Gg 1.79Ff 1.93Ge 1.98Dd 2.11Dc 2.15Db 2.30BCa
40 0.49Hf 0.62Ie 0.91Jd 1.37Fc 1.79Fb 1.79Fb 2.09Ea
50 1.64Eg 1.89DEf 1.97Fe 2.09Cd 2.20Cc 2.28Bb 2.31BCa
BHT 0.96Gg 1.52Gf 1.86He 2.07Cd 2.19Cc 2.26Bb 2.38Ag
Commercial chitosan 0.17If 0.71He 0.92Id 1.89Ec 2.01Ebc 2.12Eab 2.21Da
Data are the mean ± SD, n= 3.
Mean values in the same column bearing the same superscript do not differ signiﬁcantly (P 6 0.05).
a PS: Particle size of chitosan.
Table 9 Antioxidant activity (%) of the chitosan samples extracted from shrimp wastes using microwave technique.
Chitin treatment Concentrations (mg/ml)
PSa NaOH conc. (%) 0. 5 1 2 4 6 8 10
20 mesh 30 17.88If 32.40He 37.21Fd 46.25Fc 47.60Hc 57.21Db 63.27Ea
40 35.28Dg 36.59Ff 52.09De 52.34Dd 55.30Dc 56.07Eb 64.82Da
50 32.98EFf 36.45Fe 36.75Fe 46.19Fd 49.44Gc 54.41Fb 56.01Ga
40 mesh 30 34.48DEcf 44.42De 51.92Dcd 52.52Dd 52.92Ec 60.39Gb 67.40Fa
40 18.86Ig 19.73Jf 23.22He 48.29Ed 50.17FGc 52.54GHb 58.61Ha
50 28.33Gf 38.90Ee 43.92Ed 44.42Gc 51.36EFb 51.83Hb 56.15Ha
60 mesh 30 21.25Hf 26.84Ie 30.55Gd 33.59Hc 34.93Ic 43.62Ib 47.71Ia
40 32.38Ff 35.59Ge 44.42Ed 48.60Ec 52.64Eb 53.58FGeb 57.45Fa
50 46.50Cf 55.07Be 57.37Cd 60.52Cc 67.23Cb 68.32Cb 72.31Ca
BHT 54.74Ag 58.71Af 74.1Ae 81.62Ad 85.43Ac 88.76Ab 90.81Aa
Commercial chitosan 51.15Bg 54.14Cf 65.26Be 73.50Bd 78.75Bc 82.09Bb 85.25Ba
Data are the mean ± SD, n= 3.
Mean values in the same column bearing the same superscript do not differ signiﬁcantly (P 6 0.05).
* PS: Particle size of chitosan.
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tively. It seems that scavenging abilities of chitosan increased
with increasing the degree of deacetylation. These results agree
with Yen et al. (2008). On the contrary, about the scavenging
ability of chitosan samples at particle size 40 mesh, it could be
noticed that, its values were higher for samples deacetylated
with NaOH solution at concentration of 30%, where it was
80.69% at concentration of 10 mg chitosan/ml as shown in Ta-
ble 8, these results may be due to its higher solubility as previ-
ously described for the extracted chitosan samples.
Antioxidant activity of different extracted chitosan samples
were determined by using the conjugated diene method and the
results are presented in Table 9. It could be noticed that, the
antioxidant activity of all chitosan samples were increased with
increasing the concentration of chitosan solution. However,
antioxidant activity of chitosan samples at particle sizes of
20 and 40 mesh decreased with increasing the concentrationof NaOH solution used in N-deacetylation of chitin. On the
other hand, antioxidant activity of chitosan samples at particle
size 60 mesh increased with increasing the concentration of
NaOH solution used in N-deacetylation of chitin, where the
value of antioxidant activity increased from 47.71% to
72.31% as shown in Table 9.
At higher NaOH concentration, the obtained chitosans
characterized by higher DDA and had more amino groups
on C2 to inhibit the oxidation of linoleic acid, and thereby,
increasing their antioxidant activities. However, at 0.5 mg/
ml, the antioxidant activity was 54.74% and 51.15% for
BHA and commercial chitosan, respectively.
The reducing power of all extracted chitosan samples in-
creased as the concentration of tested chitosan increased as
shown in Table 10. Data indicated that, the reducing power
values of extracted chitosan samples were remained lower than
those obtained for BHT and higher than the value of tested
Table 11 Antibacterial activity (against gram negative and gram positive bacteria) of different concentrations of chitosan samples
extracted from shrimp wastes using microwave technique.
Chitin treatment Bacterial strains MIC% (W/V) Bacterial strains MIC% (W/V)
PSa NaOH conc. (%)
20 mesh 30 E. coli 0.6 St. aureus 1.0
S. typhimurium 0.4 B. cereus 0.05
40 E. coli 0.2 St. aureus 0.1
S. typhimurium 0.1 B. cereus 0.05
50 E. coli 0.4 St. aureus 0.05
S. typhimurium 0.8 B. cereus 0.05
40 mesh 30 E. coli 0.2 St. aureus 0.2
S. typhimurium 0.05 B. cereus 0.2
40 E. coli 0.2 St. aureus 0.1
S. typhimurium 0.4 B. cereus 0.4
50 E. coli 1.0 St. aureus 0.2
S. typhimurium 0.2 B. cereus 0.6
60 mesh 30 E. coli 0.4 St. aureus 0.05
S. typhimurium 0.8 B. cereus 0.4
40 E. coli 0.6 St. aureus 0.6
S. typhimurium 0.2 B. cereus 0.1
50 E. coli 0.1 St. aureus 0.1
S. typhimurium 0.1 B. cereus 0.2
Commercial chitosan E. coli 1.0 St. aureus 0.6
S. typhimurium 1.0 B. cereus 0.8
a PS: Particle size of chitosan.
40 M. Mahdy Samar et al.commercial chitosan which their values were 2.384 and 2.215
at 10 mg/ml, respectively. From the same table, the reducing
power of chitosan samples at concentration of 0.5 mg/ml
showed moderate values (1.60–2.28, 1.85–1.91 and 0.49–1.46)
for chitosan samples at the three particle sizes 20, 40 and 60
mesh, respectively.
On the other hand, at concentration of 10 mg/ml the same
chitosan samples exhibited high reducing power (2.25–2.35,
2.31–2.36 and 2.09–2.31), the highest reducing power was ob-
served for chitosan sample at particle size 40 mesh extracted
with NaOH solution at 50% concentration. Yen et al. (2007)
reported a slight reducing power (0.13–0.29) at 1 mg/ml for
fungal chitosan from sittake stripes and moderate reducing
power (0.42–0.57) at 10 mg/ml. It seems that reducing power
of chitosan also correlated with its degree of deacetylation.
The antibacterial activity of the different extracted chitosan
samples at different tested concentrations against gram nega-
tive and gram positive bacteria are shown in Table 11. Data
indicated that, chitosans markedly inhibited the growth of
most of gram negative bacteria tested; however, the inhibitory
effects differed depending on the types of chitosan and the
tested bacteria. It could be reported that, the minimum growth
inhibitory concentrations (MIC) of tested chitosans against
E. coli ATCC 25922 has been ranged from 1.0% to 0.4%
(W/V), where it have been ranged from 0.8% to 0.05% (W/
V) against S. typhimurium ATCC 14028.
On the other hand, MIC of different tested chitosans
against gram positive bacteria ranged from 0.05% to 1.00%
(W/V) against B. cereus DSMZ 345 and St. aureus ATCC
6528 (Table 11). About the antibacterial activity of commercial
chitosan against the aforementioned tested bacteria as a com-
parable to tested chitosans in our study, the MIC of commer-
cial chitosan was 1.0% (W/V) against E. coli ATCC 25922 andS. typhimurium ATCC 14028, where it was 0.8% and 1.0%
(W/V) against B. cereus DSMZ 345 and St. aureus ATCC
6528; respectively. Generally it could be observed that, anti-
bacterial activity of tested chitosans has been inﬂuenced by
its molecular weight, degree of deacetlyation and concentra-
tion of solution. Other studies have also demonstrated that
the MIC of chitosan against E. coli and S. aureus are from
0.005% to 1.5% (No et al., 2002). At the same time it could
be noticed that, tested chitosans showed greater antimicrobial
activity against gram positive bacteria than gram negative bac-
teria as recorded by previous studies (No et al., 2002; Takah-
ashi et al., 2008).Conclusion
The previous results indicates that microwave irradiation has
attracted a considerable amount of attention and is becoming
an increasingly popular method for chemical reaction as it of-
fers a clean, cheap, and convenient method of heating. For
that, microwave could be used in the extraction step of chito-
san from chitin extracted from shrimp wastes. Within the re-
sults in this work it could be concluded that, shrimp wastes
is an excellent source for chitin, and the yields of chitosan in-
creased with decreasing of chitin particle size and increasing
the concentration of NaOH solution used in deacetylation
step. The highest degree of deacetylation was obtained from
chitin samples at particle size of 60 mesh deacetylated by
50% NaOH solution, it was 95.19% compared with 85% for
commercial chitosan. Molecular weight of extracted chitosan
ranged from 949.95 to 4467.05 k. Daltons. All extracted chito-
sans demonstrated an excellent solubility ranged from 83.28%
to 99.05% and excellent functional properties of water and fat
Physicochemical, functional, antioxidant and antibacterial properties 41binding capacities. In the same time, emulsiﬁcation (EC and
ES) and antioxidant properties of tested chitosans were
depending on its molecular weight and degree of deacetylation.
Different tested chitosans markedly inhibited growth of most
bacteria tested; however, the inhibitory effects differed depend-
ing on the types of chitosan and the tested bacteria with greater
antimicrobial activity against gram positive bacteria than gram
negative bacteria.
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